INTRODUCTION {#sec1-1}
============

Osteomalacia is a metabolic bone disorder characterized by impaired mineralization. It is a rarely encountered disease in the present scenario. Tumor induced osteomalacia (TIO) also known as osteogenic osteomalacia, is even rarer clinical entity. These patients usually present with bony pains and weakness of long duration. There is often delay in the diagnosis as generalized symptoms of this condition are not attributable to any specific cause. The biochemical parameters may indicate it to be of metabolic in nature. TIO is characterized with hypophosphatemia, hyperphosphaturia and osteomalacia secondary to tumor.\[[@ref1]\] These tumors are of mesenchymal origin and have high vascularity. The surgical resections of these tumors result in relief with resolution of disease.\[[@ref2]\] Patients may be asked to undergo bone scan for generalized bony pain and weakness to establish the cause of presenting symptoms. Because of rarity of this tumor, the typical findings seen on bone scan are rarely reported. We present the bone scan findings in three proven cases of TIO located with the help of functional and morphological imaging and confirmed histopathology of resected tumors.

CASE REPORTS {#sec1-2}
============

Case 1 {#sec2-1}
------

A 32-year-old female patient presented to our hospital with a history of progressive, generalized weakness and bony pain of 1½ year duration, after having unsuccessful treatment at different hospitals. Her biochemical report revealed low serum phosphate level with elevated fibroblast growth factor 23 (FGF23) (452.6 RU/ml) and alkaline phosphatase level while other investigations were within the normal limits. She was subjected to bone scan to rule out metabolic bone disorders and assess the secondary bony changes. Bone scan was performed after 4 h of intravenous injection of 20 mCi of technetium 99m methylene diphosphonate. The bone scan demonstrated increased radiotracer uptake over the mandible, ribs, vertebrae and sternum suggestive of metabolic bone disease. There were features of prominent costochondral beadings and increased tracer uptake over multiple growth plates \[[Figure 1](#F1){ref-type="fig"}\]. The TIO has been established on subsequent imaging followed by excision of tumor that came out to ameloblastic fibroma.

![Technetium 99m methylene diphosphonate whole body bone scan showing increased radiotracer uptake over the mandible, ribs, vertebrae and sternum suggestive of metabolic bone disease. Prominent costochondral beadings and increased tracer uptake over multiple growth plates are also noted](IJNM-28-173-g001){#F1}

Case 2 {#sec2-2}
------

A 26-year-old female patient presented with a history of proximal muscle weakness, low backache and pain both lower limbs of 1 year duration, more so for last 3 months. The provisional diagnosis of hypophosphatemic rickets secondary to TIO was made on the basis of biochemical and imaging findings. The FGF23 (918.2 RU/ml) and alkaline phosphatase were markedly elevated and low phosphorus level. The bone scan revealed bilateral multiple ribs, bilateral shoulders, acetabulum and femoral heads and mild increased focal uptake in right mid foot focally. In addition, the delayed bone scan revealed increased focal uptake in left proximal fibula (also noticed on flow and pool phases) however that was not related to metabolic pattern \[[Figure 2](#F2){ref-type="fig"}\]. Finally, patient turned out to be a case of TIO. The tumor was excised and histopathology revealed it to be suspicious of mesenchymal tumor.

![Whole body bone scan showing increased uptake in left proximal fibula (focal), bilateral multiple ribs, bilateral shoulder, acetabulum and femoral heads and mildly increased focal uptake in right mid foot](IJNM-28-173-g002){#F2}

Case 3 {#sec2-3}
------

A 34-year-old female presented with progressive weakness in proximal muscles. Her biochemical profile revealed low phosphorus, elevated FGF23 level (147.9 RU/ml) and the rest were within the normal limits. She was diagnosed to be suffering with severe hypophosphatemic osteomalacia. Whole body bone scan showed increased tracer uptake in bilateral maxillary bone, bilateral shoulder, wrist, sternoclavicular, knee and ankle joints, multiple ribs and mid shaft of bilateral femora \[[Figure 3](#F3){ref-type="fig"}\]. The tumor was localized on functional imaging. It was resected out with histopathology report consistent of mesenchymal tumor and resulting in significant relief of symptoms post-operatively.

![Whole body bone scan shows increased tracer uptake in bilateral maxillary bones, bilateral shoulder, wrist, sternoclavicular, knee and ankle joints, multiple ribs and mid shaft of bilateral femora (pseudofractures)](IJNM-28-173-g003){#F3}

DISCUSSION {#sec1-3}
==========

TIO is a rare clinical entity with only few 100 cases published so far. These tumors are very small in size and generally slow growing. They may be located in the unusual sites ranging from head to toe and may arise from bone or soft-tissue.\[[@ref3]\] Patients of TIO present with vague symptoms of generalized body ache, muscular weakness and bone or muscle tenderness etc., Patient may become bed ridden if diagnosis and treatment is delayed. Majority of the tumor causing osteomalacia cases are of benign in nature and rarely metastasize to distant organs.\[[@ref4]\] These tumors secrete phosphaturic substances that inhibit renal tubular reabsorption of phosphate and FGF23 is one of them resulting in the abnormal phosphate metabolism.\[[@ref5]\] The presence of renal phosphate wasting in the patient as the etiology for hypophosphatemia suggests the possibility of the TIO. The biochemical parameters may reveal elevated plasma FGF23, low or inappropriately normal 1,25 vitamin D, normal calcium and parathyroid hormone (PTH) levels, but PTH can be high, reflecting secondary hyperparathyroidism, which is a normal response to low 1,25 vitamin D caused by elevated FGF23 and alkaline phosphatase.\[[@ref6]\] Once FGF23-dependent phosphate wasting disorder due to TIO is made, thorough physical examination should be done to look for these tumors which may be found in subcutaneous tissue as well as in the skeletal system.\[[@ref7][@ref8]\]

The morphological and functional imaging modalities including computed tomography (CT), whole body magnetic resonance imaging, fluorine-18 fluorodeoxyglucose positron emission tomography (PET)/CT, In-111 Octreotide and Ga-68Dotatate PET/CT\[[@ref4][@ref9][@ref10][@ref11]\] have been used to localize the tumor. Many times, the imaging may fail to localize them due to their small size and unusual location. Histopathology of the resected tumor is required for definitive diagnosis and the complete resection lead to cure of the patient with normalization of phosphate and FGF23 levels.\[[@ref12]\] X-ray confirmation of osteomalacia is difficult with non-specific changes such as osteopenia. The radiologic findings in case of osteomalacia would be increased concentration of osteoid formation with impaired mineralization. Pseudofractures or Looser\'s zones are insufficiency stress fractures that may appear before the other radiologic changes in osteomalacia.\[[@ref13]\] Pseudofractures are typical bilateral, more or less symmetrical and tend to occur at specific sites. Their presence has been considered to be pathognomic for the presence of osteomalacia.\[[@ref14][@ref15]\]

Bone scan is highly sensitive imaging modality for detecting the skeletal metastases. However, its use is limited in metabolic bone disease and usually detects the affected bones due to TIO rather than the primary tumor.\[[@ref16]\] The bone scan findings of TIO may mimic metastatic bone lesions making it difficult to differentiate from metastatic disease. The whole body bone scan in TIO may demonstrate typical findings of osteomalacia, i.e. widening of the mandible, rachitic rosary sign, tie sign of sternum, pseuodofracture and prominent epiphyses of knees suggesting it to be metabolic in nature.\[[@ref17]\] There are very few descriptions of bone scan pattern in TIO in the literature so far. In two case reports of TIO, the bone scans demonstrated multiple foci of increased tracer uptake.\[[@ref15][@ref18]\] It is worth to note that the uptake pattern in bone scan in TIO and osteomalacia secondary to other causes like malabsorption, renal failure, vitamin D deficiency and drugs is almost similar.\[[@ref16]\]

Fogelman *et al*.,\[[@ref19]\] described the findings seen in bone scans in the 10 patients with osteomalacia from various causes. They have described various features observed in the bone scan: Increased tracer uptake by the axial skeleton, long bones and wrists, prominent calvarium and mandible, beading of the costochondral junction, faint kidneys, pseudofracture in the form of focal abnormalities and tie sternum. The bone to soft tissue ratio is significantly high in osteomalacia. The increased tracer uptake in long bones and wrist joints along with prominence of calvarium and mandible are some of the most consistent abnormal finding in osteomalacia, but may also be seen in primary hyperparathyroidism. The presence of beading of the costochondral junction and tie sternum may be non-specific and can be seen in patients with renal osteodystrophy. These non-specific features strongly suggest a metabolic disorder, in the presence of clinical and biochemical findings.

Findings of increased tracer uptake at costochondral junctions and of the growth plate in adult skeleton (sort of adult rachitic rosary and pseudo reactivation of growth plates) have been described in the bone scans done in patients with TIO.\[[@ref4]\] However, the pathophysiology underlying this phenomenon is not clear. Patients may have variable findings on bone scan depending upon the severity and duration of the disease. It would be rather unusual that all the typical findings be present in the cases of metabolic bone disease. The bone scan is useful in demonstrating the pattern of the metabolic bone disease and it may be helpful in making the correct diagnosis or treatment monitoring with the follow-up scans.

CONCLUSION {#sec1-4}
==========

In the conclusion, the objective of this article is to present the typical bone scan features seen on bone scan in rarely reported TIO cases, which might be helpful in arriving at the diagnosis or serve as the basis for the follow-up scan after therapeutic intervention.
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